Deep sea shipping is generally accepted as the most environmentally friendly and energy efficient mode of transport. It is also true for large segments of short sea shipping (SSS), here simply defined as maritime transport that does not cross oceans. The sustainability performance of the SSS signature market segment of Roll on-roll off (RoRo) and Roll on-Roll off Passenger (RoPax), however, has been strongly questioned due to the generally low load factor and high operational speeds [18, 19] .
SSS is less researched than deep sea shipping and it deserves more scientific attention. This is particularly true for the market segment of RoRo and RoPax. However, SSS also includes dry and wet bulk, ferry services and, with the operational definition of this Special Issue, transport on inland waterways as well. This issue intends to enrich and expand the existing literature on sustainable maritime transport, taking into consideration the particular operational and organizational features of SSS. Under this consideration, six papers covering sustainability issues of SSS operations in three continents have contributed to this Special Issue.
Contributions
There are several operational measures suggested for the improvement of the operational energy efficiency of vessels. Among these measures, slow steaming is considered to have a great potential for GHG emission reductions with a parallel decrease in fuel consumption and related costs for the shipping companies. Raza, Woxenius, and Finnsgård (Contribution 1) examined the reaction of the RoRo and RoPax shipping firms operating in the North and Baltic Seas toward slow steaming as a mitigating factor for the increased costs required for the compliance with the stricter sulphur limits within SECAs. The authors further analyzed the impact of slow steaming on the competitiveness of short sea RoRo and RoPax with respect to service quality. One interesting result in this paper is that the SECAs' fuel sulphur limits have not led to slow steaming in the RoRo and RoPax segments to a large extent, with the increased fuel costs being partially transferred to the shippers via an increased bunker adjustment factor and partly borne by the shipping lines. Out of 11 case firms included in this study, only one RoRo and one RoPax firm have reduced vessel speeds as a result of the additional costs for the compliance with SECA regulations. Although the potential of slow steaming as a response to increased operational costs within SECAs has been investigated in previous research, the novelty of this paper is the use of qualitative methodology to address this issue. This paper contributes to highlighting the importance of meeting service quality requirements from a wide variety of shippers and travelers and the rigorous competition within the RoPax and RoRo segments that have significantly restricted the potential implementation of slow steaming.
Considering the stricter environmental regulations within SECAs, Stalmokaitė and Yliskylä-Peuralahti (Contribution 2) explored the effect from the imposition of this regulatory framework on the decisions of SSS firms operating in the Baltic Sea for the adoption of environmental innovations and alternative vessel energy sources. By drawing on a multi-level perspective from the socio-technical transition literature, the authors provide empirical evidence on the individual shipping companies' motivation to invest in maritime niche technologies. They highlight the conditions under which policy interventions might stimulate or hamper sustainability transitions in the shipping sector. The authors point out that the environmental sulphur regulation was crucial for the motivation of shipping companies to adopt environmental innovations, but it was a combination of evolving pressures in their external landscape environment (economic fluctuations, increasing societal demands for cleaner transportation) and companies' task environments (market opportunities, customer demands, and the moves of competitors) that played an additional role for the investment in niche technologies. The need for a holistic approach in the design of command-and-control regulations in shipping is underlined in this paper, taking into consideration that the main challenges are linked to implementing these regulations in practice. Finally, the authors highlight the importance of market-based policy instruments for rewarding proactive shipping companies for going beyond compliance in order to stimulate sustainability transitions in shipping.
The integration of SSS in European intermodal transport chains has been an issue of major concern during the last decades due to the environmental and social benefits that it offers compared to road transport and the fact that it can facilitate the connection of remote and peripheral regions without requiring high infrastructure investments [15] . Nevertheless, the level of integration of shipping in intermodal transport chains has been quite slow. In the existing literature, the topic of SSS and its integration into the intermodal transport chain has mostly been studied from the transport providers' perspective, while the role of a shipper has received little attention. Through an in-depth case study, Christodoulou, Raza, and Woxenius (Contribution 3) investigated the operation of RoRo shipping services in Northern Europe, focusing on the role that shippers can play for the integration of multiple traffic modes into a seamless intermodal transport chain and identifying the main barriers that prevent RoRo shipping from being a viable alternative to road transport for certain transport routes. According to their findings, cooperation and shared planning among transport chain agents and a different management approach are among the key drivers for SSS integration into intermodal transport chains, whereas high cargo-handling costs in ports represent one of the top barriers for the further employment of SSS services. Large shippers, having control of large cargo volumes, can play a vital role in the integration of multiple traffic modes as they can ensure high frequency of a transport service for smaller forwarders and shippers as well as increased capacity utilization of a traffic mode for transport providers. Furthermore, intermodal integration between different traffic modes or strategic collaboration between transport chain agents (cargo owners, ship operators, and forwarding agents) can lead to improved system efficiency and reduced lead times, emissions, and costs as well as additional revenues for all collaborating parties.
The crucial role of ports for the provision of reliable, quality, and safe SSS services was explored by Michaelides, Herodotou, Lind, and Watson (Contribution 4), who considered the effect of port-2-port (P2P) communication on the port efficiency of SSS hubs, focusing on Cyprus and the Eastern Mediterranean. The authors investigated the factors influencing the various waiting times at the Port of Limassol, from both a qualitative and a quantitative perspective. The qualitative research included the views of key stakeholders involved in the port call process, whereas the quantitative analysis was based on 8070 port calls to the Port of Limassol completed between 1 January 2017 and 13 December 2018. The exploration of three important factors that can influence port efficiency-the vessel type, the port of origin, and the role of the shipping agent in managing a vessel's schedule-was used for the calculation of three key performance indicators (KPIs) that included arrival punctuality, berth waiting, and berth utilization. A novel aspect of this analysis is the consideration of shipping agents as a determinant factor that affects port efficiency and the link of the shipping agent's performance to reduced waiting times at ports. The analysis clearly shows a considerable variation in shipping agent performance with regard to planning the arrival and berthing of a ship in Limassol, with poor performing agents reducing port efficiency and causing traffic disruptions and increased environmental impact due to vessels waiting out of the port. Based on the principles of Port Collaborative Decision Making (PortCDM), the authors suggest the inclusion of P2P communication, data sharing, and information transparency among all actors involved in a port call process for the enhancement of a shipping agent's performance and the consequent improvement of a port's efficiency.
The potential from the use of alternative fuels (such as LNG, liquefied biogas, methanol, and bio-methanol) for the improvement of the environmental impact from shipping has been underlined by recent literature. Nevertheless, in many cases the employment of different alternative fuels leads to the effective reduction of some air pollutants having, though, negative effects on other shipping emissions. By applying a total fuel cycle analysis (TFCA), Winebrake, Corbett, Umar, and Yuska (Contribution 5) made a life-cycle emissions analysis of methanol (MeOH), LNG, and low sulphur MDO and evaluated emissions along the fuel production and delivery pathway, including feedstock extraction, processing, distribution, and use in the United States. The authors explored the pollution tradeoffs of these fuels in relation to GHGs, particulate matter (PM 2.5 ), sulfur oxides (SOx), and nitrogen oxides (NOx), considering both near-term (20 years) and long-term (100 years) potential climate impacts. A novel aspect of this paper is the evaluation of the impacts of methane (CH 4 ) leakage within the natural gas recovery, processing, and distribution stages of its fuel cycle through an uncertainty analysis. The results show that MeOH and LNG perform better than MDO with respect to local air pollutants (PM 2.5 , SOx, and NOx), although their environmental benefits in relation to GHG emissions depend on the source the natural gas is derived from. In particular, both the near-term and the long-term GHG footprint of MeOH derived from natural gas from conventional wells and shale formations is ≈20% and ≈10% higher than MDO, respectively. Nevertheless, when derived from renewable biomass, MeOH performs better than MDO, exhibiting approximately 20-25% reductions in GHGs. The results are demonstrated in absolute terms in an East Coast short sea shipping case study including a trip from Jacksonville, Florida to the Port of New York. The use of MeOH and LNG leads to emission reductions of up to 90% on local air pollutants (NOx, PM 2.5 , and SOx), although the performance of these fuels with regard to GHGs is worse than that of MDO. Their use results in ≈480 metric tons of GHG emissions, whereas for the same trip about 20% less (≈400 metric tons of GHG) are emitted using MDO. These results highlight the importance that renewable liquified gas can play in the shipping sector. Effective incentives for the promotion of natural gas-based fuel use must be developed by policy makers, including tighter regulation of the energy efficiency of vessel designs and emission control standards in natural gas production systems.
The potential of SSS in an African context was explored by Konstantinus, Zuidgeest, Christodoulou, Raza, and Woxenius (Contribution 6). Although there is extensive literature on SSS operations in Europe, America, and Asia, it is the first time that the development of SSS in Africa is considered. The authors identified the main barriers and enablers of SSS in the Southern African Development Community (SADC) region, an economic community of 16 countries in Southern Africa, and underlined policy initiatives that could enhance SSS development in the area. The development of an effective regional freight transport system plays a crucial role in achieving the strategic goals set forth by the SADC and related to development, peace, security, and economic growth. SSS in the SADC would offer three main transport services: unimodal freight transport between port cities, the main leg of an intermodal route, and feeder services to deep sea shipping in a hub-and-spoke system. The results indicate that the large geographic region, projected freight volumes, customs, and trade policies within the SADC region could enable the development of SSS in the area. Nevertheless, low port competitiveness, customs provisions, and policies for intra-regional trade represent issues that must be addressed.
Conclusions
Sustainability in maritime transport has been an issue of major concern during the last decades, with a growing number of scientific studies dealing with this topic. Nevertheless, the focus has almost exclusively been on deep sea shipping, not taking into consideration the particular operational and organizational features of SSS. At least in Europe, studies about SSS has rather been published as reports and presentations and often as deliverables from policy-and impact-driven EU-funded projects. As such, it is an example of the phenomenon of curiosity-driven and impact-driven research drifting apart, where the former publish and cite scientific journal articles and the latter is restricted to the grey literature [20] .
This Special Issue intends to enrich and expand the existing scientific literature on sustainable maritime transport, focusing on the sustainability aspects of SSS. Given that SSS is considered as maritime transport that does not cross oceans, geographical variation is quite important. SSS operations in three different continents (Europe, America, and Africa) are included in this Special Issue. In Europe, three different seas, the Mediterranean, North Sea, and Baltic Sea, serve as empirical context.
The first three papers deal with the response of shipping companies to the stricter environmental regulatory framework related to maritime transport in Northern Europe. The potential of slow steaming for the mitigation of the increased operational costs from SECAs is explored in the first paper, while the second one investigates the role of regulatory regimes for the investment in maritime niche technologies. The role of shippers for the further use of RoRo shipping services and their integration into sustainable intermodal chains is examined in the third paper. The fourth paper highlights the crucial role of ports for the provision of reliable and quality SSS services and analyzes the role of port-2-port (P2P) communication for the enhanced port efficiency of SSS hubs in the Eastern Mediterranean. The potential of natural gas-based fuels for the abatement of maritime air emissions in the United States is explored in the fifth paper, while the sixth paper focuses on the enablers and barriers for the development of SSS services in Southern Africa.
Although the contributions in this Special Issue do not include all aspects of sustainable maritime transport, they cover topics related to the use of alternative fuels in shipping, slow steaming, investments in innovative technologies, and the role of ports for sustainable maritime operations. The need for the adoption of effective policies and the provision of economic incentives that would stimulate the investment in niche maritime technologies or the use of alternative fuels has been highlighted in this Special Issue, along with the importance of collaboration and shared planning among the maritime chain actors (including ports) for the achievement of sustainable maritime development.
